The author reviews a form of management for patients deteriorating preoperatively or postoperatively from apparent ischemia attributed to progressive vasospasm after a subarachnoid hemorrhage. The clinical picture and relative frequency of this complication are considered in relationship to the status (grade) of the patient, location of the aneurysm, and ultimate neurological recovery. Experience suggests that the drug regimen reported is useful when instituted early after the onset of symptoms and is safe with proper monitoring techniques. The data do not justify early operative intervention after a subarachnoid hemorrhage, operation when there is angiographic evidence of severe spasm, or expectation of a dramatic effect in patients with a profound deficit or a fixed deficit several hours old.
E
XPERIENCE gained with the use of isoproterenol and lidocaine hydrochloride in the treatment of cerebral ischemia attributed to progressive vasospasm after a subarachnoid hemorrhage (SAH) is now sufficient for a final report. In order to facilitate an evaluation of these agents and place in proper perspective the incidence of this complication, only the cases treated on one surgical service in the period during which this method of management evolved (January 1970 to December 1973) are tabulated. The rationale for this form of therapy and the pharmacology of the drugs/,7 the levels of critical cerebral blood flow/and the ischemic tolerance of neural tissue 8 have been considered previously.
Material and Methods

Selection of Patients
This study includes 159 patients with an acute SAH or with a mass lesion effect from an aneurysm without recent SAH. They were all operated on by the author (148 cases) or by a chief resident with the author serving as first assistant (11 cases). The operating microscope was used in all cases. Patients were graded according to the classification of Botterell, et al. 1 In patients with an acute SAH the operation usually was performed between 7 and 10 days after the hemorrhage.
The 35 patients with ischemic symptoms are summarized in Table 1 according to their preoperative grade and the location of the symptomatic aneurysm. We repaired 55 aneurysms in this group of 35 patients. Thirteen aneurysms, nine of the internal carotid artery (ICA), two of the anterior communicating artery (ACA), and two basilar, presented as mass lesions with or without a history of a previous subarachnoid hemorrhage; none of these patients developed symptoms of vasospasm.
General Patient Care
Phenobarbital for sedation and codeine for analgesia were the major medications used preoperatively on all 159 patients. Hypotensive agents were not used except in unusual instances when the peripheral blood pressure was very high. Dexamethasone was seldom used preoperatively or postoperatively. Fluids were moderately restricted before and after operation, and close attention was given to electrolyte balance.' Later in the series, epsilon-aminocaproic acid (EACA) was often used. Blood volume and circulating red cell mass were carefully monitored and kept adequate postoperatively in all patients.
Drug therapy was instituted preoperatively in patients in whom there was evidence of a progressing focal deficit with or without a decreasing level of consciousness. Treatment was given postoperatively for similar indications but with one important restriction, namely, it was reserved for patients who awoke initially essentially unchanged from their preoperative state, but whose condition subsequently deteriorated.
Drug Regimen. Isoproterenol (Isuprel) and lidocaine hydrochloride (Xylocaine) were administered intravenously by the technique and in the dosages previously reported/However, as experience increased, it became apparent that some patients would not respond to 0.8 mg of isoproterenol in 150 ml of 5% glucose and water given at a rate of 15 to 20 microdrops/min. In these patients, the amount of isoproterenol was increased to 1.2 rag. All patients had constant cardiac monitoring and, if premature ventricular contractions (PVC) occurred or the pulse rate exceeded 120/min, the concentration or rate of administration of the isoproterenol was decreased. The lidocaine solution (2 gm in 500 ml of 5% glucose and 0.25% saline with 20 mEq of potassium chloride) was given at a constant rate of 20 microdrops/min but the rate was increased occasionally if premature contractions were noted. We used the following therapeutic guidelines:
1. Treatment must be instituted early in order to limit the region of infarction; a delay of several hours will result in irreversible regions of infarction. 
Summary of Cases
The following case history is an example of the use of drug therapy in these cases. operation 9 days after her SAH. The aneurysm arose from the intracavernous portion of the carotid artery, and the surgical dissection necessitated the removal of the anterior clinoid process and the lateral wall of the cavernous sinus. The patient awoke with no neurological deficit except a third nerve palsy on the side of surgery; she was fully alert and oriented. Five hours later, there was sudden onset of a profound left hemiplegia, forced deviation to the right, homonymous hemianopsia, and denial of the left side. It was thought that the patient probably had suffered an acute internal carotid occlusion at the site of aneurysm repair. However, angiograms demonstrated no abnormality at the repair site, but did reveal severe spasm of the entire middle cerebral artery and its major branches. A combination drip of isoproterenol and lidocaine hydrochloride was instituted and was tolerated without cardiac abnormalities. Within 4 hours she had regained proximal movement in the left leg and her level of consciousness was improved. Good use of the left leg and proximal function of the left arm were noted within 8 hours. Over the following 5 days, her condition improved daily and the drug regimen was gradually tapered off. Proximal weakness, primarily in abduction in the left arm, along with minimal parietal sensory abnormalities represented the major findings by the seventh postoperative day. The patient was discharged from the hospital on the tenth postoperative day. When she was seen for follow-up examination 1 year later, she was entirely normal with no restriction in activities. Tables 2 and 3 tabulate details of 30 cases treated with isoproterenol and lidocaine hydrochloride, according to the preoperative grade of the patient. In general, treatment was instituted preoperatively in Grade 3 and 4 patients and postoperatively in Grade 1 and 2 patients. Five patients could not tolerate the drugs, and these cases are summarized in Table 4 .
Case Report
Results of Drug Therapy
Angiographic evidence of spasm was present in all Grade 3 and 4 patients managed with these agents. Angiographic evidence of spasm prior to operation in Grade 1 and 2 patients was usually present but was not severe except in Cases 6, 13, and 14 (Table 2 ).
Postoperative angiographic confirmation of an increased degree of spasm was obtained only if the diagnosis was in doubt (six cases).
The final clinical results of the entire group of patients operated on, with and without full drug treatment, are summarized in Table 5 . The criteria for classification of results were as follows: excellent, normal life with no significant deficit; good, significant deficit, such as a homonymous hemianopsia, but gainful employment possible; poor, a major deficit, so that gainful employment is not possible; and death in 3 months.
The presence of a number of variables in patients suffering from SAH makes a statistical analysis of the relationship of vasospasm to the location of the aneurysm difficult. However, it appears from Table 1 that in patients in Grades l to 3, this complication is more common with aneurysms arising from the anterior circulation than with those which arise from the posterior circulation.
There were 101 female patients and 58 male patients in the series. None of the 13 patients operated on for a mass lesion effect from an aneurysm without a recent SAH developed symptoms of spasm. Of the group of 146 patients with an acute SAH, 35 (24 females, 11 males) or 24%, developed ischemic symptoms preoperatively or postoperatively attributed to progressive vasospasm and representing a major or potentially major complication. Therapy was instituted in all these patients, but had to be discontinued or decreased to homeopathic concentrations in five patients (Table 4) , leaving 30 who were treated with "effective" dosages (0.6 to 0.8 mg isoproterenol/150 ml).
Treatment results are summarized in Tables 2 and 3 . Response to treatment was graded as follows: excellent (10 cases), definite improvement in symptoms noted within 2 hours from the time treatment was started; good (12 cases), apparent arrest in the progression of symptoms with a gradual improvement over a period of several days thereafter; and poor (6 cases), no visible change in the predicted temporal profile of the syndrome. Two cases were considered indeterminate, meaning an arrest in the progression of symptoms but with no improvement in neurological symptoms during the course of treatment. In general, the excellent responses occurred in Grade 1 or 2 patients with a less profound deficit and without a major alteration in the level of consciousness.
Discussion
Some degree of vasospasm is undoubtedly present in all patients who are categorized immediately in Grade 3 or 4 by a severe bleed. However, the presence of other complicating components of the bleed (hematoma, cerebral edema, communicating hydrocephalus, and major vessel occlusion) makes an appraisal of the role of spasm in these cases most uncertain. It is therefore necessary to examine the pattern of the conversion of a Grade 1 or 2 patient to a Grade 3 or 4.
The distinguishing feature of the ischemic syndrome which is attributed to progressive vasospasm preoperatively or postoperatively is the temporal profile of the neurological deficit with symptoms of both regional and general flow alterations, the former manifested by a focal deficit and the latter by an alteration in the level of consciousness. Characteristically, the evolution of the deficit is slow, in comparison to acute deficits seen from embolic occlusions, and begins with a relatively minor deficit, such as a minimal dysphasia or weakness of an extremity, that culminates over a period of hours or in some cases days, in stupor with a major focal deficit or, if severe enough, in coma or death. Rarely, the evolution is more rapid, occurring over a period of minutes; the diagnosis is uncertain in such instances and must be reconfirmed with angiography to exclude a mass lesion or a major vessel occlusion.
Preoperatively, this syndrome is seen most frequently in patients who have complaints suggestive of a severe degree of meningeal irritation indicated by severe neck stiffness with headache, irritability, and a high fever. It is seemingly more severe in young hypertensive women. Angiographic confirmation is most likely to be obtained if angiography is performed between the fifth and seventh days after the bleed. On occasion it may be difficult to distinguish this syndrome from a rebleed. The absence of an ictus consisting of a sudden recurrent headache with or without the loss of consciousness suggests spasm, but doubt may exist and a recurrent bleed can be the source of increased spasm.
Postoperatively, the syndrome is most likely to appear in patients in whom a "red, angry, swollen brain" is encountered at operation 2 and particularly if this is associated with a considerable amount of clotted blood around the vessels from which the aneurysm arose. Operation in the presence of severe angiographic spasm or evidence of marked meningeal irritation is hazardous. If the operation can be delayed for at least 10 days after the bleed, it can be performed with relative safety with respect to spasm. A diagnosis of spasm m the postoperative period must be reserved for patients who awaken from anesthesia unchanged from their preoperative state and subsequently deteriorate. Patients who awaken from anesthesia with a neurological deficit not present prior to induction of anesthesia must be considered to have sustained their deficit from surgical trauma, a critical vessel occlusion (such as the anterior choroidal artery), a period of hypotension, or a subcortical clot associated with stiff brain retraction.
Not infrequently, major angiographic evidence of spasm is present without clinical symptoms. It is probable that the decrease in flow in such patients has not yet reached the critical perfusion value. 7 These patients are vulnerable to neurological deterioration that can be precipitated by hypotension. It has been the author's experience that such patients often deteriorate within 2 or 3 days subsequent to angiography (but not related thereto) and there is then good correlation between the angiographic and clinical pictures. Our only attempt to operate in the presence of severe angiographic spasm, documented the day prior to operation, resulted in death (Case 6 in Table 2 ).
Heilbrun has recently documented, by immediate postoperative angiograms, the early onset of vasospasm. 3 He recommended presymptomatic treatment in such cases, and this deserves consideration in the future when a form of treatment has withstood the critical appraisal of many investigators.
Many complications in aneurysm surgery are not the result of spasm, and the use of these medications can only be evaluated in properly selected cases. The development of a Korsakoff syndrome, occasionally the result of spasm, is usually secondary to surgical trauma in the septal and preseptal areas? Three patients had this syndrome; in one it preceded the operation. It was transient in one and permanent in two. Spasm was not considered a major factor in these patients; all three had ACA aneurysms.
Although most deaths in this series occurred in patients considered to be Grade 3 or 4 preoperatively, the grave condition of the patient was not always the cause of death. Deaths resulted from recurrent bleeding immediately prior to induction of anesthesia or during induction of anesthesia (two cases), major vessel occlusion (one case), poor aneurysmal repair with recurrent hemorrhage (two cases), and uncontrollable bleeding during repair of an aneurysm (one case).
